A novel fibre Bragg grating transmission filter employing a fibre polarisation splitter has been fabricated and tested. The device has a total insertion of 1.2dB and potentially can be reduced below 0.5dB.
Since their first demonstration [l] , photoinduced Bragg gratings in optical fibres have been shown to be suitable for a number of applications. The high reflectivity possible at a given wavelength means that they can be used as narrow bandpass filters, reflectors in fibre lasers, wavelength selective taps and in sensors [ 2 4 . Chirped gratings have also been proposed and shown to be very promising for the compression of optical .pulses and the compensation of chromatic dispersion suffered in high speed optical communications systems [5] [6] [7] .
One of the problems associated with using gratings in some of these applications is that they operate in reflection, so to recover the reflected radiation they must be used in conjunction with a 5050 fibre coupler, incurring a signal loss of at least 6dB. This high insertion loss can make such devices impractical in real systems. Two possible solutions have recently been proposed: using two identical gratings in a Michelson interferometer configuration [8] , and a 'grating frustrated coupler ' [9] , in which one of the halves of a fibre coupler contains a Bragg grating at the interaction region. In this Letter we report a novel low loss fibre bandpass transmission filter based on the use of fibre gratings and a fibre polarisation splitter.
-0 w y I I . . . . . . . , . , . , . , . , . I The fibre polarisation splitter [lo, 1 I] is the optical fibre equivalent of the polarising beamsplitter in bulk optics. This fused taper coupler splits an incoming optical wave into two linearly polarised waves, orthogonal to each other. The device provides almost 100% coupling for one linearly polarised wave and almost 100% transmission for the other (orthogonally polarised) wave. Its operation relies on the presence of form birefringence in the fused section of the coupler. Fig. 1 shows the transmission characteristics of the two ouput ports of the fibre polarisation splitter used in our experiments. It was measured to have an extinction ratio between the two orthogonal polarisation states of at least 26dB at the operational wavelength with a discrimination of at least 15dB over a range of 11 nm and was fabricated from standard telecommunications fibre.
Two configurations of the fibre transmission filter have been investigated and these are shown schematically in Fig. 2 . Fig. 2u shows the simplest experimental setup. using one grating. The principle of operation is as follows: light is coupled into arm 1 of the fibre polarisation splitter (FPS). In our experiment this was via a 10% output coupler (OPC) which was used to monitor the input power level. The light is then set to be linearly polarised at the FPS by adjustment of the manual polarisation controller PC1. It is coupled into arm 2 towards the fibre grating through another (PC2) which is set to act as a hi4 waveplate, converting the linear polarisation into circular polarisation. On reflection from the grating the 'handedness' of the circular polarisation is reversed, and after passing back through the effective hi4 waveplate the light is linearly polarised orthogonal to the input polarisation, and hence is all coupled out of the device through arm 3. The grating used was 8mm long with a nominal peak reflectivity of 99% at 1533.8 nm and a 3dB bandwidth of 0.5nm. The loss of the device was measured using a DFB diode laser tuned to the peak reflection wavelength of the grating. In this configuration the device was found to have an overall insertion loss of only 1.16dB. The loss of the splice between the fibre grating and arm 2 of the coupler was measured to be 0.3dB, implying that the single pass excess loss of the FPS was 0.25dB. The spectral transmission properties of the device were measured by coupling the broadband ASE radiation from an erbium doped fibre amplifier into it; the input and output spectra are shown in Fig. 3 . This shows a 3dB width of 0.6nm. The configuration described above is sensitive to the polarisation of the input light. To overcome this problem we spliced a second identical grating on to arm 4 of the FPS and added another polarisation controller acting as a hi4 waveplate, PC 3, as shown in Fig. 2b . The coupler now splits any arbitrary input polarisation into two orthogonal components, which on re-entering the coupler have both been rotated by 6 2 and so are output through arm 3. In this arrangement the minimum overall insertion loss was measured to be 1.lldB. The variation of the insertion loss with input polarisation was measured by monitoring the output power while adjusting PCI and was found to have a maximum value of +0.3dB. This small variation is probably due to a slight difference in the splice losses between arm and grating in the two arms. The spectral characteristics in this case were the same as for the first configuration.
There is considerable scope for further improvement of the performance of this filter. First, the excess loss of the FPS can be reduced to a level of <0.2dB through improved fabrication techniques. Secondly, there are a number of advantages to writing the Bragg gratings directly into the coupler arms. This would automatically avoid the splice losses currently incurred, and by writing both gratings simultaneously it can be ensured that they are identical and that the arm lengths are equal, minimising polarisation mode dispersion. A compact, low loss and environmentally stable transmission filter can be fabricated in which the polarisation rotation and balancing of the two arms may be simply achieved by twisting the fibre. In addition, this device allows the relaxation of the interferometric matching requirements that are present in the Michelson interferometer-based filter mentioned earlier.
In conclusion we have demonstrated a low loss bandpass transmission filter based on a fibre polarisation splitter and fibre Bragg gratings. The total loss of our prototype device was -1.2dB and we believe that with careful design this could he reduced helow 0.5dB. Novel approach for increased dynamic range in optoelectronic sensing applications A. Bonen, R.E. Saad, K.C. Smith and B. Benhabib
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A novel approach is proposed to significantly increase the dynamic range of optoelectronic sensors. The power of the light source is monitored in a dynamic intensity-control loop designed to perfom 'floating-point' measurements according to the attenuation in the optical path. The sensor acquires the combined dynamic ranges of the detector and light-source circuits.
Introduction: Presently, optoelectronic transducers seem to he the most appropriate for a wide range of sensing tasks. In particular, optoelectronic transducers that measure the light attenuation in an optical path are commonly used by robotic sensors [I-41. The performance of optical transducers, however, is limited by the electronic interface to the computer-control algorithm. Electronic interfaces presently available are generally imperfect in ways which limit the realisation of the sensors' goals.
From an interface viewpoint, the transducer is a communication channel which connects a transmitter to a receiver. However, unlike in other cases of optical communication, data generation in optoelectronic sensors occurs inside the channel and not in the transmitter. Moreover, the data itself are analogue in nature. These facts impose special demands on the receiver circuits; nonlinearities commonly used by digital-communication circuits (such as for increasing the dynamic range through automatic-gain control) are strictly forbidden in the analogue channel.
While dynamic range (DR) is a very important parameter for any sensor, it is particularly critical for sensors measuring optical attenuation. The light intensity at the receiving end of such sensors is a strong function of many parameters. For example, it is inversely related to the square of the distance between the transducer's transmitter and its receiver [3]. Thus, even a modest distance operating range of 1O:l would result in a 100:l range of light intensity at the receiver. This 20 dB optical power variation corresponds to a 40dB electrical measurement range. Other parameters, such as overall reflectivity and surface orientation, can cause the received light intensity to vary in an even more extreme manner. In fact, so extreme are the variations that it can be easily concluded that no fully-linear receiver circuit can possibly supply the required DR. Therefore, the DR of such sensors has, until now, been restricted by the DR of the receiver in the electronic interface. Proposed design: Our design of a modulated transducer interface (Fig. I ) incorporates a new method: namely 'dynamic transmitterintensity control' by which we eliminate the dependency in the receiver's DR and allow substantial widening of the sensor's DR. Unlike in conventional optical communication, the transmitter and the receiver for a sensory application are both subject to the same controller. The light-source intensity can be adjusted in real time; such that the light intensity at the receiver is adequate for measurement, This method results in an overall DR that is the sum of the DRs of the receiver and transmitter circuits. 10 BRICHENO, T., and BAKER, v.: 'All-fibre polarisation splitter/ A smart design can take advantage of the extended DR now available in the transmitter. 
